Spatial and time changeability of surface water quality results from anthropogenic activities in the catchment area [1, 2] , growing pollutant amount [3] , and environmental management [4] . The EU Water Framework Directive (WFD) [5] stipulates that the waters of all European strongly changed water bodies must achieve good ecological potential and good chemical status by 2015 [6, 7]. A considerable part of waters bodies in Europe is exposed to the risk of not achieving a good state by this year [8] . Therefore, water quality assessment and determining the factors affecting its changes have been the subject of numerous papers [9] [10] [11] [12] [13] [14] [15] [16] . The assessment process faces two main problems: complexity and uncertainty [17] -both due to high social and economic costs [6, 18] . Changeability of water chemical parameters should be assessed on the basis of monitoring programs in order to detect changes in their quality status [6, 19, 20] . This aims to determine the main actions targeting restoration of good status of waters, which ensures that their quality would respond to the aims suggested by WFD for the human population, considering the principle of sustainable development and public health [21, 22] . Problems with water quality are associated with a great number of nutrients originating from surface runoff from urban areas [23] (including sewage discharge) [2, 24] and from agricultural areas [7, 25] .
Out paper presents seasonal and monthly changes of oxygen and biogenic index values in Krzyworzeka and Serafa streams over the 2007-10 multiannual period. The selection was motivated by various anthropogenic factors occurring in the catchment area. The Krzyworzeka stream catchment is used mainly for agricultural purposes, whereas the Serafa stream flows through built-up urban areas.
Materials and Methods
Our paper presents results of four-year hydrochemical analyses of oxygen indices: dissolved oxygen (DO) and biochemical oxygen demand (BOD 5 ); and biogenic indices: ammonium (NH 4 -N), total Kjedahl nitrogen (TKN), nitrite (NO 2 -N), nitrate (NO 3 -N), total nitrogen (TN), phosphate (PO 4 ), and total phosphorus (TP) in Krzyworzeka and Serafa streams, which have a major influence on the degradation and eutrophication of the water environment. Values of indices were obtained from the Regional Direction of the Natural Environment Inspectorate (WIOŚ) in Cracow. Water samples were collected in 2007-10, usually once a month in the villages of Czaslaw-Myto on Krzyworzeka Stream and Duza Grobla on Serafa Stream (Fig. 1) .
The basic analysis characterizing oxygen and biogenic indices was based on statistical parameters describing the analyzed community (minimum, maximum, arithmetic mean, median, standard deviation, and coefficient of variance). Diversification of the studied indices among the measurement-control points was determined on the basis of cluster analysis by constructing the levels of hierarchical tree diagram using Ward's method. In the analyzed samples, the total-nitrogen-to-total-phosphorus ratio was determined as well as the share of individual nitrogen forms in relation to total nitrogen, phosphates, and total phosphorus.
Water quality classes were determined on the basis of mean value of oxygen and biogenic indices for the 2007-10 multiannual period, assuming the limit values in compliance with the decree of the Ministry of the Natural Environment [26] . Moreover, we determined mean values of oxygen and biogenic index concentrations during and outside the growing season. The period outside the growing season is the part of the year (from November to March) when average daily air temperature remains below 5ºC. The other part of the year (from April to October) is the growing season with the air temperature over 5ºC, characterized by intensive vegetation development. The nonparametric U Mann-Whitney's test was used to compare the values of oxygen and biogenic indices of water quality between these periods in order to determine the influence of vegetation on their change in the water of analyzed streams. We also analyzed monthly changes of oxygen and biogenic index values in the waters of the Krzyworzeka and Serafa streams.
Description of the Studied Stream Catchments
The catchment of Krzyworzeka stream is situated wholly in the area of Myslenice County in the central part of Malopolskie Voivodeship, about 30 km south of Cracow (Fig. 1a) . Its area is 80.2 km (Fig. 1b) . The biggest tributaries of the Krzyworzeka are: Sikornica (right-bank) and Lipniki and Olszanica (left-bank).
The main land use forms are arable lands, forests, and afforested grounds, which cover 90% of the catchment area. The communes situated in the catchment use a poor sewage system. Wisniowa commune is inhabited by 7,102 people, of which about 1,600 are using a sewage system of a total length of 15.3 km. Raciechowice commune, including Czaslaw village, inhabited by 4,093 people, possesses only 3.5 km of sewage serving 61 households in the center of Raciechowice. A majority of the catchment inhabitants are using septic tanks for household sewage, emptied periodically.
The Serafa stream catchment covers 74.9 km 2 . The stream is 12.7 km long. Its head is situated above Wieliczka town at 278 m a.s.l. (Fig. 1c) . Its left-bank tributary, Malinowka, flows into the Serafa at 7+900 km, and its other tributaries -Drwina Dluga and then Zabawka -from the right. The Serafa flows into the Vistula River in Brzegi village at 192 m a.s.l., 400 m below Przewoz barrage. Following Kondracki's physico-geographical division of Poland, the Serafa stream catchment covers the area included in three mezoregions: the southern area belongs to the Wieliczka Foothills, the central part to the Bochnia Foothills, and the northern borders to the Vistula Lowland. The catchment area is strongly changed due to human activity. A major part of the catchment is managed as a built-up and urbanized area. Residential areas of Wieliczka town are situated in the upper part (about 21,000 inhabitants), housing and industrial areas of the 12 th quarter of Cracow (Biezanow-Prokocim) are situated in the central part (63,000 inhabitants). The lower part of the catchment is a more sparsely built-up area with numerous water reservoirs that remained after sand and gravel excavation in the area of the Vistula terrace.
A potential source of pollution of Serafa stream water is sewage inflow from the Sewage Treatment Plant in Cracow-Plaszow. The plant was put into operation in 1974. It was extended and modernized within the framework of the "Sewage Treatment Plant Plaszow II in Cracow" project. The modernization included an increase in the throughput of the existing mechanical sewage treatment plant in Plaszow to 160,000 m
Results
Catchments of both streams have similar areas and are situated at a small distance from each other, but differ strongly with their management and land use. The Serafa catchment is formed of suburban and urban areas, whereas the Krzyworzeka catchment covers rural areas with high proportion of ploughlands. The land management and use generate various sources of surface water pollution. In the rural areas these are runoffs from ploughlands and point sewage discharge from the residential areas, whereas in the urban area these are surface runoffs from house roofs, roads, car parks, and other paved areas, as well as sewage discharge from treatment plants. All these factors affect pollutant content and quality of surface water flowing through these areas.
A comparison of the water from the studied streams revealed big differences of the values of oxygen and biogenic indices between the Serafa and Krzyworzeka, as well as different shares of pollutants in water. Cluster analysis revealed diversification of the values of oxygen and biogenic indices in the analyzed streams. In both streams indices with similar values constitute three groups of different composition (Fig. 2) . In the Krzyworzeka, the largest group is composed of BZT 5 , Kjeldahl nitrogen, NO 2 -N, NH 4 -N, total phosphorus, and phosphates, whereas the second consists of total nitrogen and NO 3 -N, and dissolved I -quality class I, ecological status "very good"; II -quality class II, ecological status "good"; BGS -below good status oxygen forms the third. In Serafa Stream the largest group comprises dissolved oxygen, NO 3 -N, NO 2 -N, phosphates, and total phosphorus, whereas the second is composed of Kjeldahl nitrogen, total nitrogen, and ammonium nitrogen, and only BZT 5 is in the third group. In both streams, values deviating from the standard are oxygen indices, but in the Krzyworzeka this is dissolved oxygen, while in the Serafa it is BZT 5 . Analysis of nitrogen and phosphorus content revealed a similar N:P ratio in water of the studied streams. In the Krzyworzeka it was from 2:1 to 143:1 on various sampling dates, giving an average ratio 25:1. In the Serafa N:P ratio was from 4:1 to 106:1, at an average 20:1. While analyzing individual nitrogen forms it was observed that in the Krzyworzeka the ratio of TN:NH 4 -N:NO 2 -N:NO 3 -N was 100:7:1:68, which denotes that total nitrogen concentration was shaped mainly by nitrate nitrogen. In the Serafa water the TN:NH 4 -N:NO 2 -N:NO 3 -N was 100:28:2:51, which means that total nitrogen concentration was strongly affected by nitrate and ammonium nitrogen concentrations. Total phosphorus concentration in the Krzyworzeka was primarily shaped by phosphate concentration (TP:PO 4 -P ratio was 100:67), whereas in the Serafa water TP:PO 4 -P ratio was over twice lower, i.e. 100:32.
The studied indices revealed a greater changeability in the Serafa water as evidenced by higher coefficient of variance, except for NO 3 -N and total nitrogen, which were, respectively, almost equal and equal. In the case of oxygen indices and phosphates it was twice higher in the Serafa than in the Krzyworzeka (Table 1) .
Mean concentration of oxygen dissolved in the Krzyworzeka water (10.98 mg·dm ). Mean concentration of ammonium nitrogen in the Serafa water was 25-fold higher, Kjeldahl nitrogen and BOD 5 9-fold, total phosphorus 7-fold and total nitrogen 5-fold higher than in the Krzyworzeka water ( Table 1) . Concentrations of the above-mentioned indices classified the Krzyworzeka water as of very good status (class I), whereas the Serafa water was of the status below good (BGS). Only phosphate concentration in the 2007-10 multi-annual period in the Krzyworzeka qualified its water to class II (mean value was 0.29 mg·dm -3 and was 0.09 mg·dm -3 higher than the limit value for class I). On the other hand, the Serafa water, due to high phosphate concentration (1.36 mg·dm -3 ), was classified as below good status (0.31 mg·dm -3 ). Mean concentration of NO 3 -N in the Krzyworzeka water was on the level of class I and in the Serafa water of class II. The statistical value in bold means that the differences are statistically important.
A comparative analysis of indices between the growing season and outside the growing season revealed that the values of BOD 5 and Kjeldahl nitrogen were equal in both periods only in the Krzyworzeka water ( Table 2) . Concentration of dissolved oxygen and ammonium nitrogen in both streams and concentrations of nitrate nitrogen and total nitrogen in the Krzyworzeka water were significantly lower in the growing season. This is caused by higher air temperature, which conditions development of biological life and the utilization of oxygen and biogenic components by living organisms, mainly vegetation. Lower values of these indices and biological oxygen demand in the Serafa water in the growing season may evidence a better sewage purification in the biological process because of higher air temperature. Only phosphate concentration in the Krzyworzeka stream was markedly higher in the growing season.
Both long and periodic fluctuations of the selected factors that burden the water environment were observed during the period of investigations. Considering the studied indices, an obvious long-term trend was observed for concentrations of dissolved oxygen, nitrate, nitrogen, total nitrogen, and total phosphorus in the Krzyworzeka (Fig. 3) . Average monthly value of dissolved oxygen concentration gradually declined from 12.9 mgO 2 ·dm -3 in February to 7.8 mgO 2 ·dm -3 in July. Also, concentrations of NO 3 -N and total nitrogen decreased from February until August and September. Total phosphorus concentration represents an opposite tendency, since it was growing from January (0.09 mg·dm -3 ) to July (0.39 mg·dm -3 ). In the Serafa water the amplitude of fluctuations of average monthly values of studied index concentrations is much bigger, but the changes are of waving character and do not show any clear tendencies (Fig. 3) . Particularly big fluctuations of BOD 5 concentrations, ammonium nitrogen, and total nitrogen were noted from December to May, whereas in the other period the values were stable. 
Conclusions
In the Krzyworzeka stream water, flowing through agricultural areas, only phosphate concentrations did not fulfil the conditions for very good physicochemical status of surface waters, therefore the Krzyworzeka water was classified to quality class II. Values of the other indices were compatible with the values for these elements under undisturbed conditions, i.e. for waters of very good ecological status. On the other hand, Serafa water was highly polluted, with concentrations of BOD 5 , NO 3 -N, ammonium nitrogen, Kjeldahl, total nitrogen, phosphate, and total phosphorus concentrations not meeting the requirements for good physicochemical status. Therefore the Serafa stream water was classified as below good status.
Statistically significant decreases in ammonium, nitrate, and total nitrogen concentrations -as well as oxygen dissolved in the Krzyworzeka -were registered during the growing season. This is due to increased nutrient uptake by plants. In the Serafa water only concentrations of dissolved oxygen and biological oxygen demand decreased statistically significantly.
Long-term tendencies of changes of the values of investigated indices were observed only in the Krzyworzeka. Concentrations of dissolved oxygen, nitrate nitrogen, total nitrogen, and total phosphorus declined from February to summer, whereas total phosphorus concentration was growing at the same time. In the spring period, at an air temperature above 5ºC, vegetation development starts, which causes a decline in biogenic compounds -mainly nitrogen concentration in surface waters. During winter, when vegetation dies, concentrations of biogenic compounds are higher.
No unanimous connection between concentrations of studied indices and water sampling date was determined in the Serafa. The stream water pollution is so serious that vegetation development and the higher intensity of biochemical processes in water do not cause an apparent reduction of biogenic component concentrations.
